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Phthalocyanines have been investigated for many years in detail because of their wide application fields including electrophotograpy, photovoltaic and solar cells, semiconductor devices, molecular electronics, Langmuir-Blodgett films, electrochromic display devices, gas sensors, liquid crystals, nonlinear optics, optical disks, photosensitizers in photodynamic cancer therapy, and electrocatalytic agents. Phthalocyanines possess intensive absorption in the far-red/near-IR region; are known for their excellent chemical, light, and thermal stability; and have the appropriate redox properties for sensitization of large band-gap semiconductors making them attractive for Organic Solar Cells.  
We especially plan to synthesis some thiophene-substituted-unsymmetrical phthalocyanine derivatives that contain donor and acceptor groups for an effective charge or electron transfer. 

[image: image3.wmf]R

N

S

O

N

N

R

N

N

R

N

N

N

O

O

H

Zn


Fig.1 Unsymmetrical phthalocyanine (R: Thioalkyloksy groups)
The obtained materials are planned to use in Organic Solar Cell applications. These molecules also have long alkyl/ alkoxy chains to solve the solubility problems, and carboxyl groups for anchoring on TiO2 surface. Furthermore, we will characterize optical and electrochemical properties of these synthesized compounds to determine their appropriateness and other application areas.                 
1. The Summary of The Network Project :
In network project (with the ref. no. 1547), synthesis of some unsymmetrical phthalocyanine derivatives were planned. However, some problems occurred during the experiments, and we discussed on the synthetic route to find out solutions of those problems. Synthesis route, successful and unsuccessful syntheses are shown below.
1.1. First Synthetic Route:  

[image: image4.wmf]S

O

O

H

Br

S

O

O

H

O

C

H

3

S

O

H

O

O

H

NaOMe, CuI

DMF

BBr

3

, CH

2

Cl

2

-80

o

C

CN

CN

O

2

N

S

O

CN

CN

O

O

H

DMF, K

2

CO

3

(step-1)

(step-2)

(step-3)



[image: image5.wmf]O

S

O

O

H

CN

NC

R

CN

CN

+

R

N

S

O

N

N

R

N

N

R

N

N

N

O

O

H

M

       rt

3

DMF

24h


1.2.Synthesis of  the Phthalonitrile Precursors (Pc):

Step-1: Methoxylation of 3-bromo-2-thiophene carboxylic acid (Unsuccessful)
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	MW(g)
	M(mol)
	m(g)
	V(ml)

	3-bromothiophene-2-carboxilic acide
	208
	0.0024
	O,5
	-



	CuI
	190
	-
	0.05
	-

	DMF
	-
	-
	-
	5

	Na
	23
	0.01
	0,23
	-

	MeOH
	32
	-
	-
	10


Procedure:
A mixture of 3-bromothiophene-2-carboxilic acid (0.5 g, 0.0024mol), copper (I) iodide (0.05g), and DMF was heated at reflux. A solution of sodium methoxide (0.54g, 0.01mol) was prepared by addition of sodium (0,23) to methanol (10mL) and added (over 3 h). a solution of sodium methoxide was added.* The reaction was heated a further 23 h under reflux.1 The inorganic solids were filtered off, water added and the mixture extracted with ether. The solvents were evaporated and the crude purified by column chromatography (pet. ether/CH2Cl2). 1
*Preparation of Sodium Methoxide:
Na + MeOHexcess    ( [RONa]ROH + 1/2H2
About 10 ml of alcohol was taken in the reaction vessel and stirred continuously using a magnetic stirrer. Argon gas, purified by passing through a column of silica–gel to remove                                                                                                                                                   

                                                                                                                                                    traces of moisture, was let into the reaction vessel to provide inert gas cover while carrying out sodium–alcohol reaction as well as to dilute the hydrogen gas produced during the reaction. Solid sodium pieces weighing 0,23 g were added to the alcohol. The reaction was initially carried out at room temperature and then the temperature was gradually raised to near boiling point of the methanol to dissolve as much sodium as possible and the addition of sodium was stopped when the solution was saturated. Stirring and heating were stopped and the saturated sodium alkoxide solution was allowed to cool naturally for about 3 hours. 2
1.3. Result and Discussion :
 NMR and GC-Mass results showed that the reaction was not occurred.  The carboxy group on the thiophene was too reactive in the reaction conditions. Therefore we decided to leave the starting material (3-bromo-2-thiophene carboxylic acid) and use another one (methyl 3-hydroxythiophene carboxylate). This material had a methoxy group as a protecting group. Furthermore, it was possible to obtain the phthalonitrile precursor in one step with this molecule. After the cyclomerization reaction, hydrolyze of esther was planed to obtain unsymmetric phthalocyanine acid. 

1.4. New Pathway: Using Esther of  Thiophene derivative (BB101)
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	MW(g)
	M(mol)
	m(g)
	V(ml)

	4-nitrophthalonitrile
	174
	0,00574
	1
	-

	methyl 3-hydroxythiophene carboxylate  
	158
	0,0115
	1,8
	-

	DMF
	-
	-
	-
	10

	K2CO3
	138,21
	0,0115
	1,6
	-

	
	
	
	
	


                                          
[image: image8.wmf]CN

CN

O

S

O

O

H

1

H

2

H

4

H

5

H

3

H

6

H

6

H

6


Procedure: 
In argon atmosphere, 1,59 g (11,48 mmol) of anhydrous K2CO3 were added to a solution of 1,8 g (11,48 mmol) of methyl 3-hydroxythiophene carboxylate (BB101)  and 1 g (5,74 mmol) of 4-nitrophthalonitrile in 10 mL of dry N,N-dimethylformamide (DMF) in 0,53 g portions at 1h intervals.

The mixture was stirred for 72 h at room temperature under argon. The reaction was worked up by filtering the undissolved salt and slowly adding the filtrate to a rapidly stirred water. The resulting precipitate was filtered by vacuum and washed with water. The crude product was recrystallized from ethanol (White crystals).3 H-NMR: δ 7.79(dd, H1), 7.68(dd, H2), 7.32(d, H3), 7.22(dd, H4),  6.86(d, H5), 3.16 (s, H6). GC-Mass: M+ (g/mol): 285.
1.5. Preparation of Other  Precursors of Unsymmetrical donor-acceptor  Pc 

1.5.1. Synthesis of 4-(4-tert-butyl)phenylphthalonitrile (BO101) (1)
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	MW(g)
	M(mol)
	m(g)
	V(ml)

	4-nitrophthalonitrile
	174
	0,00574
	1
	-

	4-tert-butylphenol
	150
	0,0115
	1,75
	-

	DMF
	-
	-
	-
	10

	K2CO3
	138,21
	0,0115
	1,6
	-
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In argon atmosphere, 1,59 g (11,48 mmol) of anhydrous K2CO3 were added to a solution of 1,72 g (11,48 mmol)of 4-tert-butylphenol and 1 g (5,74 mmol) of 4-nitrophthalonitrile in 10 mL of dry N,N-dimethylformamide (DMF) in 0,53 g portions at 1h intervals.

The mixture was stirred for 72 h at room temperature under argon. The reaction was worked up by filtering the undissolved salt and slowly adding the filtrate to a rapidly stirred water. The resulting precipitate was filtered by vacuum and washed with water. The crude 
product was recrystallized from ethanol (White crystals).3 H-NMR: δ 1.33(s, H3), 7.22(m, H2), 6.97(m, H1), 7.23(dd, H4), 7.68(dd, H5), 7.50 (dd, H6). GC-Mass: M+ (g/mol):  277
1.5.2. Synthesis of 4-(4-tert-butyl)thiophenyl phthalonitrile(BB102) (2)
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	MW(g)
	M(mol)
	m(g)
	V(ml)

	4-nitrophthalonitrile
	174
	0,0115
	2
	-

	4-tert-butylthiophenol
	166
	0,0115
	2
	-

	DMSO
	-
	-
	-
	8

	K2CO3
	138,21
	0,0115
	1,6
	-
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Procedure:

A mixture of 4-nitrophthalonitrile  (2 g, 0,0115 mol) and 4-tert-butylthiophenol (2 g, 0,0115 mol) in DMSO (8 mL) was stirred at room temperature for 10 min. Then, dry potassium carbonate ( 1,6 g, 0,0115mol) was added in small portions during 2 h. The mixture was vigorously stirred under argon atmosphere for 16 h. Water (20 mL) was added, and the product was extracted with CH2Cl2 (2*20 mL). The organic phase was washed with water (3*20 mL) and with a 5% solution of sodium carbonate (1*20 mL) and dried over sodium sulfate. The solvent was removed under reduced pressure, and the residue was chromatographed by using flash liquid chromatography (SiO2, CH2Cl2/hexane 3:2 ) (yellow). H-NMR: δ 1.32(s, H1), 7.36(m, H2), 7.16(m, H3), 7.67(dd, H4), 8.08(dd, H5), 8.25 (dd, H6). GC-Mass: M+ (g/mol):  293
1.5.3. Synthesis of 4-thiooctyloxyphthalonitrile (BB103)(3)
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	MW(g)
	M(mol)
	m(g)
	V(ml)

	4-nitrophthalonitrile
	174
	0,115
	2
	-

	octanethiol
	146
	2
	1,68
	-

	DMSO
	-
	-
	-
	8

	K2CO3
	138,21
	0,115
	1,6
	-
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Procedure:

A mixture of 4-nitrophthalonitrile  (10 g, 57.8 mmol) and octanethiol (8.4 g, 57.8 mmol) in DMSO (39 mL) was stirred at room temperature for 10 min. Then, dry potassium carbonate (8 g, 58 mmol) was added in small portions during 2 h. The mixture was vigorously stirred under argon atmosphere for 16 h. Water (50 mL) was added, and the product was extracted with CH2Cl2 (2*50 mL). The organic phase was washed with water (3*50 mL) and with a 5% solution of sodium carbonate (1*50 mL) and dried over sodium sulfate. The solvent was removed under reduced pressure, and the residue was chromatographed by flash liquid chromatography (SiO2, CH2Cl2/hexane 2:3)(white).3 Mp: 32-350C. H-NMR:                                                                                                                                           δ 2.980(t, H1), 1.69(m, H2), 1.45(m, H3), 1.27(m, H4), 1.27(m, H5), 1.28(m, H6), 1.28(m,H7), 0.86(t,H8), 7.47(dd,H9), 7,52(dd,H10), 7.62(dd,H11) GC-Mass: M+ (g/mol):  273
1.5.4. Synthesis of 4-thiohexyloxyphthalonitrile(BB104) (4)
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Procedure: 
This product was synthesized by using same procedure with product (BB103).  NMR:  δ 2.97(t, H1), 1.69(m, H2), 1.46(m, H3), 1.28(m, H4), 1.30(m, H5), 0.87(t,H6), 7.48(dd,H7), 7,53(dd,H8), 7.63(dd,H9) GC-Mass: M+ (g/mol):  245
1.5.5. Synthesis of 4-thiodecylphthalonitrile(BB105) (5)
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Procedure: 
This product was synthesized by using same procedure with product (BB103). H-NMR:  δ 2.97(t, H1), 1.70(m, H2), 1.46(m, H3), 1.26(m, H4), 1.26(m, H5), 1.27(m, H6), 1.28(m,H7), 1,29(m,H8), 1,30(m,H9), 0.87(t,H10), 7.48(dd,H11), 7,53(dd,H12), 7.63(dd,H13) GC-Mass: M+ (g/mol):  301
1.5.6. Synthesis of 4-thiododecylphthalonitrile(BB106) (6)
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Procedure: 
This product was synthesized by using same procedure with product (BB103). H-NMR:  δ 2.97(t, H1), 1.70(m, H2), 1.45(m, H3), 1.26(m, H4), 1.26(m, H5), 1.27(m, H6), 1.28(m,H7), 1,29(m,H8), 1,30(m,H9), 1.30(m,H10), 1.31(m, H11) 0.87(t,H12), 7.48(dd,H13), 7,53(dd,H14), 7.63(dd,H15) GC-Mass: M+ (g/mol):  329
1.5.7. Synthesis of 4-octyloxyphthalonitrile(BB107) (7) (Unsuccessful)
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	MW(g)
	M(mol)
	m(g)
	V(ml)

	4-nitrophthalonitrile
	174
	0,0115
	2
	-

	octanol
	130
	0,0115
	1,5
	-

	DMSO
	-
	-
	-
	8

	K2CO3
	138,21
	0,0115
	1,6
	-


Procedure:

A mixture of 4-nitrophthalonitrile and octanol in DMSO was stirred at room temperature for 10 min. Then, dry potassium carbonate was added in small portions during 2 h. The mixture was vigorously stirred under argon atmosphere at 50-60oC for 72 h. Water (20 
mL) was added, and the product was extracted with CH2Cl2 (2*20 mL). The organic phase was washed with water (3*20 mL) and with a 5% solution of sodium carbonate (1*20 mL) and dried over sodium sulfate. The solvent was removed under reduced pressure, and the residue was chromatographed. 
Result and discussion:
NMR and TLC results showed that the reaction was unsuccessful. We propose that the reaction did not occure because K2CO3 was not strong enough to create an alkoxy anion.  The reaction can be carried out with a strong base like sodium or potassium tert-butoxide. 
	Derivative
	Yield (%)

	BB101
	85

	BB102
	75

	BB103 
	70

	BB104
	70

	BB105
	70

	BB106
	70

	BB107
	-

	BO101
	60


Future Plans: 

Synthesis of Asymmetric Pc : 
Synthesis and characterization of these unsymmetrical Pc derivatives will be completed in Ege University Solar Energy Institute and in the second exchange in University of Hasselt.
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